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Higgs discovery to precision measurements
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Discovery of Higgs boson
Phys. Lett. B 716 (2012)   1-29
Phys. Lett. B 716 (2012) 30-61
Science 338 (2012) 1569-1575
Science 338 (2012) 1576-1582

2012：Higgs mechanism explains
the mass origin of SM particles

2013：Nobel Prize in Physics

Higgs Property Measurement

Nature 607, 52-59 (2022)
Nature 607, 60-68 (2022)



Higgs discovery to precision measurements
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Higgs Discovery

New milestone after 10 years of the Higgs discovery 

Nature 607 (2022) 52-59 Nature 607 (2022) 60-68

20-40%

5-10%

~150 fb-1~30 fb-1 ~300 fb-1 ~3000 fb-1



Particle Physics after the Higgs Discovery
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SM is a complete and self-consistent theory after the Higgs discovery. 

But it doesn’t accommodate dark matter and dark energy ➔ New physics ?

Standard Model

New Physics ?
Dark matter and dark energy ~ 95%



Higgs boson: a new force carrier
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Higgs boson：

➢ Explains mass origin

➢ Only SM particle with spin 0

➢ A new force carrier

EM force：
Photon spin=1

Weak force： 
W/Z spin=1

Strong force：
Gluon spin=1

Gravity：
Graviton spin=2



Higgs boson：a portal to new physics

7➔ Higgs portal to DM
➔EW Phase Transition
➔Origin of matter

➔ Early Universe➔ EW symmetry breaking ➔ Naturalness



Circular Electron Positron Collider (CEPC)
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𝒆+𝒆− Higgs/Z/W factory

Ring length ~ 100 km

http://cepc.ihep.ac.cn/ 

❑ The CEPC was proposed by the Chinese HEP community in 2012 right after the Higgs 

discovery. It aims to start operation in 2030s, as a Higgs / Z / W factory. 

❑ To produce Higgs / W / Z / top for high precision Higgs, EW measurements, studies of flavor 

physics & QCD, and probes of new physics beyond the SM.

❑ It is possible to upgrade to a pp collider (SppC) of 𝒔 ~ 100 TeV in the future.

Changchun

Qinhuangdao

Huzhou

Shenshan

Changsha

Huangling

Potential CEPC Sites

Zhengzhou



CEPC Major Milestones
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CEPC CDR Released (2018.11)

CEPC-SPPC Kickoff (2013.9) First CEPC IAC Meeting (2015.9)



CEPC Major Milestones
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Domestic Civil Engineering 

Cost Review, June 26, 2023, IHEP

CEPC Accelerator TDR Review

June 12-16, 2023, Hong Kong

CEPC Accelerator TDR Cost Review

Sept. 11-15, 2023, Hong Kong

CEPC Accelerator TDR 

released in December, 2023

arXiv:2312.14363
1114 authors

278 institutes

(159 foreign institutes)

38 countries

1090 pages

Distribution of CEPC Project TDR 

cost of 36.4B RMB (~4.6B Euro)

9th CEPC IAC 2023 Meeting 

Oct. 30-31, 2023, IHEP



Global HEP Consensus on Higgs Factories
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2013, 2016: China Xiangshan Science Conference 

concluded that  CEPC is the best approach and a 

major historical opportunity for the national 

development of accelerator-based high-energy

physics program.

2022, ICFA “reconfirmed the international 

consensus on the importance of a Higgs factory as 

the highest priority for realizing the scientific 

goals of particle physics”, and expressed support 

for the above-mentioned Higgs factory proposals

The scientific importance and strategical value of e+e- Higgs factories is clearly identified.

2020: European Strategy for Particle Physics,     

An electron-positron Higgs factory is the highest 

priority next collider. For the longer term, the 

European particle physics community has the 

ambition to operate a proton-proton collider at the 

highest achievable energy.

2017: Japan Association of High Energy Physicists 

(JAHEP) proposes to construct A 250 GeV center 

of mass ILC promptly as a Higgs factory.

JAHEP

Japan

P5 report, USA, 2023

China

Europe



Comparison of Higgs factories: Circular vs Linear
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Luminosity / IP (CEPC vs FCC-ee)

Versus FCC-ee
o Earlier data: collisions expected in 2030s (vs.  2040s)

o Large tunnel cross section (ee & pp coexistence)

o Lower construction cost 

Versus Linear Colliders
o Higher luminosity / precision for Higgs & Z 

o Potential upgrade for pp collider 

CEPC has strong advantages among mature 

e+e− Higgs factories (design report delivered) 

CEPC FCC



CEPC Physics Program
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Operation mode ZH Z W+W- 𝒕 ҧ𝒕

𝑠 [GeV] ~240 ~91 ~160 ~360

Run Time [years] 10 2 1 ~5

30 MW

L / IP [1034 cm-2s-1] 5.0 115 16 0.5

׬ 𝐿 𝑑𝑡 [ab-1, 2 IPs] 13 60 4.2 0.6

Event yields [2 IPs] 2.6106 2.51012 1.3108 4105

50 MW

L / IP [1034 cm-2s-1] 8.3 192 26.7 0.8

׬ 𝐿 𝑑𝑡 [ab-1, 2 IPs] 22 100 6.9 1

Event yields [2 IPs] 4.3106 4.11012 2.1108 6105

possibly

   Z     W+W-    ZH             𝒕 ҧ𝒕

• Measurements of Higgs, EW, flavor physics & QCD at unprecedented precision

• BSM physics (e.g. dark matter, EWPT, LLP, …) up to ~ 10 TeV scale



CEPC：Higgs Properties
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➢ CEPC has significantly better precision on Higgs properties than that of HL-LHC

《Precision Higgs Physics at CEPC》

Chinese Physics C, 43（2019）043002



CEPC：Electroweak Measurements
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➢ CEPC has better EW precisions than current value by 1-2 order of magnitude 

CDF (2022)  : 80433.5  9.4 MeV

CMS(2024) : 80360.2  9.9 MeV 

SM Prediction : 80354  7 MeV

➢ CEPC: expected W mass resolution < 1MeV



CEPC: Flavor Physics
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Lepton Flavor 
Universality (B → s ) 

Lepton Flavor 
Universality (Bc →  )

BR (Bs→ ) 
precision is ~2% 
in SM, it can make 
indirect constraint 
on B anomaly ！

Tera-Z ➔ B factory

2201.07374

Lepton Flavor Violation (FLV)



CEPC：BSM Physics
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Higgs factory

√s = 240 GeV
106 HZ events

105 WW->H events

2: Dark Matter & Dark Sector
• SUSY DM

• Higgs portal DM

• Vector boson portal DM

• Fermion portal DM

• EFT

• ……

9: Global fits
• Global fit of SUSY

• 2HDM global fit

• SMEFT global fit

8: More exotics
• Axion-like particles

• Lepton form factors

• Emergent Hadron Mass

• Exotic lepton mass

• ……

1: Exotics of Higgs, W, Z, top
• Higgs exotic decay (SUSY, 

LLP, DS, invisible)

• Light higgs

• Z exotic decay

• Top exotic decay

10. Indirect searches from 

SM precision measurements 

CEPC

6: EWPT & GW
• Probe nature EWPT

• Higgs precision

• Higgs exotic decay

7: Neutrino
• Heavy neutrinos

• Active-sterile neutrino

• Non-standard  interactions

4: SUSY
• Light EWKinos

• Light sleptons

• Heavy selectrons

• ……

5: Flavor portal NP
• cLFV processes

• Decays of b and c 

hadrons

• ……

3: LLP
• At CEPC and FAR detector

• H/Z decay 

• SUSY LLP

• VLL, ALP, …

2205.08553

https://arxiv.org/abs/2205.08553


Higgs：Dark Matter Portal
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➔ CEPC has significantly better detection sensitivity for DM than HL-LHC

➔ Complementary to direct DM search experiments for mass below 10 GeV

Higgs-portal DM 

CDR 5.6 ab-1 CDR 5.6 ab-1



Higgs：EW Phase Transition
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➔ CEPC can study EWPT via hZZ coupling measurement which may help 

to understand the matter-antimatter asymmetry, its detection sensitivity 

is about one order of magnitude better than that of the HL-LHC.

Orange： first order PT
Blue：strong first order PT
Red：strong first order PT+ GW

SM expects Higgs 
potential has

smooth crossover

New Physics
Quantum tunneling

First order
phase transition

CDR 5.6 ab-1



CEPC Accelerator Design and Layout
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◼ 100 km double ring design (30 MW SR, upgradable to 50MW, ttbar)

◼ Switchable operation for H, Z, W and top modes (bypass scheme)

◼ Shared tunnel: compatible design for booster, CEPC and SppC 

H/tt

W&Z

H/W/Z/tt switchable bypass scheme

3-in-1 tunnel

Cost optimization

JINST 17 P10018 (2022)
arXiv:2312.14363



CEPC Accelerator Parameters
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CEPC Key Technology R&D Platform

06/17/2024 22

Cryogenic System

• SRF test hall

• Vacuum assembly & coating

Beam test hall

• Magnet R&D 

• Mechanical & alignment

• Klystron Test

Accelerator key technology R&D platform was established:

  ➢ SRF cavity and module  ➢ High efficiency Klystron 

  ➢ High precision magnet  ➢ Mechanics and alignment

  ➢ Vacuum assembly & coating ➢ Beam test facility

SRF R&D facility

Magnet R&D Vacuum R&D

Beam test lab Alignment Klystron R&D



CEPC R&D: High Q SRF Cavities
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Medium-temperature (Mid-T) annealing 
adopted to reach Q0 = 3.4E10 @ 26.5 MV/m

N-infusion adopted to reach 
Q0 = 6.0E10 @ 22.0 MV/m

At 2K

➢ 1.3 GHz  9-cell SRF cavity for booster:  Q0 = 3.4E10 @ 26.5 MV/m

➢ 650 MHz 2-cell SRF cavity for collider ring: Q0 = 6.0E10 @ 22.0 MV/m

➢ 650 MHz 1-cell SRF cavity for collider ring: Q0 = 6.0E10 @ 31.0 MV/m

Vertical test of 650 MHz 2-cell cavity

Cold-EP and Mid-T baking
Q0 = 6.0E10 @ 31 MV/m 

Vertical test of 650MHz 1-cell Cavity

SRF cavities exceed CEPC specifications



CEPC R&D: 8  9-cell High Q Cryomodule 
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CEPC Booster 1.3 GHz SRF R&D and industrialization 

in synergy with CW FEL projects 

Parameters
Horizontal test 

results

CEPC Booster

Higgs  Spec

LCLS-II, SHINE 

Spec

LCLS-II-HE

Spec

Average usable CW Eacc (MV/m) 23.1 3.0×1010 @

 21.8 MV/m

2.7×1010 @

16 MV/m

2.7×1010 @

20.8 MV/mAverage Q0 @ 21.8 MV/m 3.4×1010

SRF cavities exceed CEPC specifications



CEPC R&D: High Efficiency Klystrons
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❑ The 1st Klystron prototype, achieved efficiency  62%

❑ The 2nd Klystron prototype was tested in Feb. 2024,  achieved efficiency  77.2%

❑ The 3rd Klystron prototype (MBK) with manufacture underway, design efficiency is  80.5%

❑ High efficiency Klystron helps to reduce electricity consumption

The 1st Klystron (tested)
The 2nd  Klystron (tested)

The 3rd multi-beam Klystron 
(MBK) under fabrication

Test results of the 2nd 
klystron prototype



SPPC R&D: HTS SC Magnet
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10.2T 
(2018)

12.5T 
(2021)

16T 
(2024)

➢ 2023: SC dipole magnet, field reached 14T @ 4.2K

➢ 2024: aiming for 16T @ 4.2K (the world record)

14T 
(2023)

Completion of SC magnet (2023.8)

16T dipole (LTS+HTS)



CEPC R&D: Accelerator Key Technologies
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➢ Key technologies R&D span over all components listed in CDR. 

➢ About 10% remaining (eg. RF power source, control, alignment, 

SC magnets, machine integration) to be completed by 2026. 

 Specification Met

 Prototype Manufactured 

Accelerator Fraction

 Magnets 27.3%

 Vacuum 18.3%

 RF power source 9.1%

 Mechanics 7.6%

 Magnet power supplies 7.0%

 SC RF 7.1%

 Cryogenics 6.5%

 Linac and sources 5.5%

 Instrumentation 5.3%

Control 2.4%

 Survey and alignment 2.4%

 Radiation protection 1.0%

 SC magnets 0.4%

 Damping ring 0.2%



CEPC Accelerator EDR
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CEPC Accelerator EDR tasks start with 35 WGs aiming for key issues.



CEPC 隧道模型（60米）
- 验证相关关键技术及工艺流程
- 磁铁和支撑的稳定性与调节灵活性
- 准直方法及准直效率优化
- 工艺安装及设备/操作空间验证
- 步入式隧道内景展示，科普宣传

CEPC Accelerator EDR

29



CEPC Detector Concepts ➔ New Design
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CEPC New Detector Design
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Calorimeter World-class New design

PFA ECAL ～ 15-20% / √E ～ 3% / √E

PFA HCAL ～ 50-60% / √E ～ 40% / √E

Goal: with PFA calorimeters to improve boson 
mass resolution (BMR) from 4% ➔ 3%。

➢ Silicon tracker with TPC / DC：

     to improve track reconstruction & PID

➢ PFA ECAL with crystal: 

     to improve 0,  energy resolution

➢ PFA HCAL with scintillating glass: 

     to improve hadron energy resolution



CEPC Detector R&D: Silicon, TPC, DC Prototypes
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CEPC Detector R&D: Calorimeter Prototypes
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Crystal Modules: beam test at CERN and DESY in 2023 & 2024

CEPC Calorimeter Prototypes: beam test at CERN in 2022 & 2023

 BGO Crystal          Scintillating Glass 



CEPC Reference Detector TDR
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➢ Large number of detector technology 

options and R&D projects on-going, 

they are not at similar level of maturity.

➢ Need to converge technology options 

towards a CEPC reference detector TDR

❖ Start preparation in Jan. 2024

❖ A draft version of TDR in Dec. 2024 

❖ Official release of TDR in Jun. 2025

➢ Intl. detector collaborative efforts

❖ DRD collaboration (DRD1-8), more 

than 130 colleagues from 11 Chinese 

institutes joined so far.

❖ HL-LHC detector R&D efforts help to 

prepare teams for CEPC detectors.



CEPC International Collaboration
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CEPC attracts significant International participation 

➢Both CDR and TDR have significant intl. contributions

➢ 20+ MoUs signed with Intl. institutions and universities

➢ Intl. collaborative efforts: DRD & HL-LHC detector R&D

➢CEPC International Workshop since 2014

➢Annual working month at HKUST-IAS since 2015

➢ EU-US versions of CEPC Workshop since 2018

Oxford (2019)Rome (2018)

Edinburgh (2023) Chicago (2019)



Next CEPC Workshop
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CEPC International Workshop at Hangzhou, Zhejiang U., Oct. 23-27, 2024

China announced 144-hour visa-free transit policy for 54 selected countries 

https://indico.ihep.ac.cn/event/22089/


Industrial Partners and Suppliers Worldwide
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System

1 Magnet

2 Power supplier

3 Vacuum

4 Mechanics

5 RF Power

6 SRF / RF

7 Cryogenics

8 Instrumentation

9 Control

10
Survey and 

alignment

11
Radiation 

protection

12 e-e+Sources

CEPC Industrial Promotion Consortium 

(CIPC, established in Nov. 2017)

Potential international collaborating 

suppliers and partners worldwide



CEPC Planning and Development
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➢ CAS is planning for the 15th 5-year plan for large science projects, and a steering 

committee has been established, chaired by the president of CAS.

➢ High energy physics and nuclear physics is one of eight groups (fields).

➢ CEPC is ranked No. 1，by every committee (2 domestic and 1 international).

➢ A final report was submitted to CAS for consideration, this process is within 

CAS, and the following national selection process will be decisive.

Domestic senior HEP Division Nuclear Division IAC Average



CEPC Planning and Schedule
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2012.9        2015.3         2018.11        2023.12        2025.6         2027      15th five year plan (2026-2030)             

proposed  Pre-CDR        CDR          Acc. TDR      Det. TDR     EDR       Start of construction

CEPC EDR Phase: 2024-2027

➢ CEPC Accelerator EDR starts with 35 

WGs in 2024, to be completed in 2027 

➢ CEPC Reference Detector TDR will be 

released by June, 2025

➢ CEPC proposal will be submitted to the 

Chinese government for approval in 2025

➢ Upon approval, establish at least two 

international collaborations on experiments

➢ CEPC construction starts during the 15th 

five-year plan (2026-2030, e.g. 2027)  

➢ CEPC construction complete around 

2035, at the end of the 16th five-year plan

15th FY 16th FY



Summary

40

➢ CEPC addresses many most pressing and critical science problems

in particle physics.

➢ Accelerator design and technology R&D are reaching maturity, TDR 

completed, enters EDR phase, ready for construction in 3-5 years.

➢ Reference detector TDR under preparation, to be completed by the 

mid-2025 for the proposal of China’s 15th 5-year plan. 

➢ Contributions from international colleagues for both accelerator EDR 

and reference detector TDR are warmly welcome.

➢ CEPC schedule will follow the 15th 5-year plan, call for international 

collaborations and proposals once CEPC is approved.

➢ CEPC will offer the worldwide HEP community an early Higgs factory.
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High Energy Photon Source (HEPS)
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To be completed in 2025, great training and preparation for CEPC ➔ towards a green accelerator

Experience at HEPS

◼ Solar panel:10 MW ➔ 10% saving

◼ Permanent magnet: 5.6 GWh saving/year

◼ Hot water (13 MW @ 42 0C) for heating

beam energy 6 GeV, 1.36 km

≤ 0.06nm·rad, 14 beam lines



CEPC vs FCC-ee

43



CEPC Accelerator: Plasma Injector
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CEPC Plasma Injector Scheme

From 10 GeV → 30 GeV → TR 2

PWFA/LWFA TF based on BEPC-II Linac and HPL 

has founded by CAS, 120M RMB in Sept. 2023

Simulation results show that it works on paper 

with reasonable error tolerances for both 

electron & positron beams injected to booster

PRL 127, 174801 (2021)



CEPC Site Selection

45Time for tunnel construction is about 4 – 5 years.

- 3 sites documented 

in accelerator TDR

- 75-95% of tunnel in 

granite, low cost

TBM tunnel             Drill-blast tunnel



CEPC Concepts
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CEPC Key Scientific Issues and Technologies Route



CEPC Team
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• Institution Board: 32 institutes, top universities/institutes in China

• Management team: comprehensive management experience at construction projects 

of BEPCII/CSNS/HEPS, and international projects of BESIII/Daya Bay/JUNO/…

• Accelerator team: fully over all disciplines with rich experiences at BEPCII, HEPS… 

• Physics and Detector team: fully over all disciplines with rich experiences at BESIII, 

Daya Bay, JUNO, ATLAS, CMS, LHCb …

117 accelerator + ~300 detector staffs currently, 
+ ~ 400 from BEPC/BESIII/JUNO/HEPS/...

once CEPC approved 
Management team, 
leading scientists

CEPC Organization



CEPC International Committees

48

➢ IAC: global renowned scientists and top laboratory or project leaders who have ample 
experience in project management, planning, and execution of strategies, operating since 2015

➢ IARC & IDRC: leading experts of this field, provide guide to the project director

International Advisory CommitteesCEPC Organization



CEPC R&D: Calorimeters with PFA
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Features：

➢ Good energy resolution 

➢ 3D shower info. with limited readout channel

➢ Shower separation < 4 cm

Main issues for R&D 

➢ Jet reconstruction and PFA algorithm

Crystal ECAL Scintillation Glass HCAL

Energy resolution  ~40%/E  ~ 2% 

Features：

➢ Large sampling ratio at low cost

Main issues for R&D 

➢ high density, high light yield, radiation 

hardness, production 

Energy resolution  ~3%/E  ~ 1% 



Glass Scintillator Studies 

50

➢ The performance of the best glass sample:  6 g/cm3 & 1000 ph/MeV & 100 ns

➢ The GS collab. led by IHEP,  with 3 Institutes of CAS, 5 Universities,  3 Factories.



希格斯物理：新物理的探针
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1712.07237

Higgs 衰变到BSM粒子, H→ X1X2

➔ CEPC的Higgs 或者 Z
玻色子奇异衰变末态的分
支 比 预 期 测 量 精 度 将 比
HL-LHC提升多个数量级 !



CEPC 物理：探索新物理能标

52

➢利用标准模型有效场理论 (SMEFT)，分别对算符参数进行独立拟合或
全局拟合，CEPC对新物理的预期探索能标可达到  10 TeV ！
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